T he use of individually ventilated cage (IVC ) systems has become more common worldwide. T he various systems are becoming more and more sealed in order to protect the anim als against infections and the staff against allergens; which, however, may lead to problematic CO 2 concentrations, if the cages are left unventilated. In this study it is shown that, depending on how tight the cage is and the number of animals housed in each cage, CO 2 inside the cage within 2 h will increase to levels of between 2 and 8% .
In at mospheric air the CO 2 concentration is about 0.03% (Oeschger 1993 ) and, therefore, concentration on this level should not be problematic . However, as tight ly sealed containm ent systems, e.g. IVC systems, are being used increasingly, it is reasonable to focus on the im pact that CO 2 may have on anim als housed in these systems. T he developmental trend of these systems is moving towards the totally sealed system , in order to protect the animals against infections and the staff agai nst allergens. As long as cages are ventilated properly, CO 2 inside the cages should not rise to problematic levels, but if ventilati on erroneously fai ls or the cage is placed outside the IVC rack for some tim e for experimental or practical reasons, the CO 2 concentration may increase.
At present, no of®cial lim its for acceptable CO 2 exposure in laboratory rodents have been set. Human limits of 0.5% CO 2 may be applied, but evolutionary differences between humans and rodents in relation to CO 2 are not considered by this approach. Humans are adapted to a life above ground, whereas rodents are adapt ed to a life in tunnels below ground, and studies have shown that in tunnels the CO 2 level may reach 1.4% (Studier & Bac ce 1968) . Older studies, as reviewed by Krohn and Hansen (2000 ) , have shown that rodents show physiological and hormonal changes, e.g. increased respirat ion and raised levels of corticosterone, when exposed to CO 2 levels of above 3% , which may, therefore, be considered unacceptable.
It is the aim of the present study to measure the amount of CO 2 in a number of different types of IVC systems when left without ventilation for a period of time, in order to estimate the response time before CO 2 levels reach 3% .
Materials and methods
As cages commercially availabl e today are of different sizes, the volumes of the cages were measured and in each cage a number of 8±10-m onth-old fem ale NMRI mice, 35±45 g, 
Results
Major differences were observed in the CO 2 increases and therefore in the response times of the different types of cages, before ventilation failure resulted in CO 2 levels of 3.0% (Table 1 and Fig 2) . In the static ®lter top the CO 2 stabi lizes at a level of 0.5% , while for other types of ®lter tops the level reaches values of between 2 and 8% within 120 min.
Discussion
When using IVC systems one should be aware of these differences in response time, as a CO 2 concentration of higher than 3.0% may affect the animals (Krohn & Hansen 2000 ) , an im pact which may only be detected by blood analysis. In studies not involving physiological or biochemical parameters, a CO 2 exposure of up to 5% might be acceptable from a scienti®c point of view, but the welfare consequences are not fully understood, and this must therefore be considered with care; and at least the animals should be allowed some recovery time, e.g. a week, prior to further use. Exposures of above 5% CO 2 should not be accepted, as the im pact on the animals may be highly signi®cant, and may even be irreversible (Krohn & Hansen 2000 ) . Our study clearly shows that this concentration may be reached in certain IVC types within a period short enough to be realistic in the case of a ventilati on fai lure.
